INTRODUCTION
Performance characteristics, such as heat transfer coefficient and pressure drop, of condensers used in refrigeration and air conditioning, power and chemical industries are strongly dependent on two phase flow regimes prevailing during the condensation process. These flow regimes depend on the mass flux, vapour quality, fluid properties and tube dimensions. The flow regimes provide a mechanism for transport of heat, and influence the pressure drop in condensers due to the different interactions between the vapour and liquid phases and their tube wall interactions. It is very important to know; what flow pattern is expected to exist at certain flow conditions inside a condenser. During condensation in horizontal micro fin tubes, the existence of a specific flow regime is governed by the dominance of either the vapour shear force or the gravity force. While the dominance of shear forces leads to a dispersed / annular flow at high mass fluxes and high vapour qualities, on the hand, the dominance of gravity forces leads to a divided flow or stratified flow. The intermittent flow normally occurs at low mass flux and high liquid inventory. In the present study, a flow regime based analysis has been conducted to understand the local heat transfer coefficients and pressure drop. The various flow regimes encountered during the condensation at different mass fluxes and vapour qualities are captured with the help of high speed digital camera. Most of the data obtained falls into Annular, Semi Annular & Wavy flow regime. The flow patterns observed during the experimental study are plotted on three existing flow regime maps, namely, Breber et al. [4] flow regime map, Tandon et al. [5] flow regime map and Thome et al. [6] flow regime map. It is observed that qualitatively, there is no difference between the flow regimes obtained during condensation in horizontal smooth tubes with the flow regimes obtained in the horizontal micro finned tubes.
EXPERIMENTAL TEST RIG
An experimental test facility as shown in Figure 1 was set up for studying the condensation characteristics of R134a and R410A in horizontal micro-fin tubes. The experimental facility consisted of three closed piping loops: one was the refrigerant loop & the other two were coolant water loops. The refrigerant condenser comprised of three sections viz., precondenser, test-condenser and after-condenser. The testcondenser was a horizontal tube in tube heat exchanger of 3m length with refrigerant flowing inside micro fin copper tube of 8.54/8.46 mm ID and 9.54/9.52 mm OD. The coolant water flew in the counter flow direction in the outer annulus. The pre-condenser was used to vary the vapour quality at inlet to test condenser by varying the flow rate and/or cooling water temperature. The pre-condenser was a tube in tube counter flow heat exchanger with the refrigerant flowing inside copper tube and water flowing through the annulus. The precondenser tube was bent in a six row arrangement. The superheated refrigerant vapours were condensed to the desired experimental conditions; the pre-condenser was installed before the test condenser. An after-condenser was installed downstream of the test condenser for achieving the complete condensation of partially condensed refrigerant from the testcondenser.
Figure 1. Schematic sketch of Experimental Test facility
The cooling water required for condensing the refrigerant vapours in the pre-condenser, test-condenser and aftercondenser was supplied at constant temperature from two water tanks. A three-ton capacity, twin cylinder, reciprocating compressor circulated the refrigerant through the system. The temperatures on the outer surface of the test section in the test condenser, the refrigerant temperatures at the inlet and exit of test section were measured using T type (Copper-Constantan) thermocouples. Pt-100 RTDs were used for cooling water temperature measurements in pre, test and after-condensers. An electronic Coriolis flow meter installed between the after-condenser and liquid receiver measured the mass flow rate of the circulating refrigerant. Refrigerant and coolant water temperatures were measured at the inlet and exit of test-condenser. The refrigerant pressures were measured by pressure transducers while the difference between the test-condenser inlet and exit pressure was measured with the help of a differential pressure transmitter. A data acquisition switching unit of Agilent make, with three Armature Multiplexer cards was coupled to computer record the experimental data. The measurement errors were estimated by the method suggested by Kline and McClintock [7] . Thermophysical and transport properties of the refrigerants used in this study were calculated by REFPROP 7 [8] .
DATA REDUCTION

Deduction of inlet and outlet vapour quality
The vapour quality at the inlet to the test section was calculated by carrying the enthalpy balance of pre-condenser as per following equations:
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Deduction of local condensation heat transfer coefficient
The local heat transfer coefficient was calculated as per following equation:
FLOW REGIMES
The experiments are conducted to study the condensation characteristics of refrigerant R134a and R410A by varying the mass flux, vapour quality and saturation condensation temperature in 15° and 18° helix horizontal micro fin tubes. During each test run, flow is visualized through glass tube test section with the help of high speed digital camera. Flow visualization requires specific description and characteristics of flow regimes on the basis of which these are identified. The description and characteristics on the basis of which flow regimes are identified. In addition, the experimental data points are plotted on the existing flow regime maps proposed by Breber et al. [4] , Tandon et al. [5] and Thome et al. [6] . The experimental data related to R134a are plotted using EES on flow regime maps proposed by Breber et al. [4] , Tandon et al. [5] and Thome et al. [6] . These flow regime maps are compared with the flow regimes recorded with the high speed digital camera illustrated in Figures (3) - (5 In contrast to Breber et al. [4] flow regime map, Tandon et al. [5] correctly predicts most of the flow regimes in the lower mass flux range, which are essentially wavy as per the observed flow regimes. On close examination, it is observed that about 71% of the experimental data plotted on this map correctly predicts the actual flow regimes as shown in Figure  4 
Observed flow regimes of R134a
[6] map
As described earlier, experimental data for R134a in the present study are primarily in the intermittent and annular flow regimes, with few data in stratified wavy flow as shown in Figure 5 (a) and Figure 5(b) . The discrepancy between the predicted and recorded flow regimes for this map is at higher mass fluxes where the flow regime maps predict the intermittent while the actual flow regimes seem to be in semi annular. It is worth mentioning here that the definitions of the intermittent and Annular flow regimes are not clearly stated in this map. Moreover, the authors have developed the same heat transfer correlation for the intermittent, annular and mist flows. It is observed that about 62% of the experimental data plotted on this map correctly predicts the observed flow regimes. (7)- (9)) at saturation temperatures of 30 & 35 0 C. Similar trends as in R134a are observed, as a majority of the experimental data for R410A from the present study fall in the annular and mist regions and a very few points in the transition and slug& plug flow regimes. It can also be observed that even though none of the data fall in the stratified-wavy regions, many of the data points lie in the transition region between annular/mist and wavy stratified flows.
INFLUENCE OF FLOW REGIMES ON CONDENSATION HEAT TRANSFER
The flow regimes prevailing during condensation of refrigerants in micro fin tubes influence the condensation heat transfer. This can be seen from the observed flow regimes captured with the high speed digital camera. At the highest vapour qualities (0.75<x<0.90) and at high mass fluxes in the range of 250-400 kg/m 2 -s, the prevailing flow regime is annular wherein the liquid film surrounding the vapour core is stable and thin. The refrigerant flow moves forward with a twisting or swirling motion due to the helix of micro fin tube. The micro fins present near the liquid-vapour interface cause further turbulence. The local condensation heat transfer coefficients obtained during this type of flow regime are maximum.
As the condensation proceeds further, condensed liquid starts accumulating at the bottom of the horizontal condenser tube. However, the presence of micro fins ensures that some of the liquid settling at the bottom portion 
CONCLUSIONS
The experimental data obtained during the condensation of two refrigerants, R134a and R410A has been plotted on Breber et al. [4] , Tandon et al. [5] and Thome et al. [6] to predict the various flow regimes prevailing at different mass fluxes and vapour qualities. The observed flow regimes are compared with those predicted by the three flow regime maps mentioned above. It has been observed that the prediction capability of Tandon et al. [5] flow regime map is very good as compared to Breber et al. [4] and Thome et al. [6] flow regime maps, for both pure refrigerant (R134a) and mixture refrigerantR410A. Tandon et al. [5] flow regime map predicted about 71% and 82% of the experimental data for the refrigerants, R134a and R410A respectively. Thome et al. [6] flow regime map predicted about 62% and 75% of the experimental data for refrigerants, R134a and R410A.The Breber et al. [4] flow regime map predicted 58% and 55% of the experimental data for refrigerants, R134 and R410A respectively. The local heat transfer coefficients for R134a & R410A ranged from 1095-8797W/m 2 -K &1390-7255W/m 2 -K respectively. The local heat transfer coefficient is lower at low mass flux(200-300kg.m 2 -s) & low vapour qualities, when the flow regime is stratified however at higher mass flux and higher vapour qualities, higher heat transfer coefficients are achieved the flow regime changes to semi annulur/Annulur. The increase in the helix angle of the micro fin tube causes further increase in heat transfer coefficient as it further delays the onset of intermittent flow due to increased redistribution of the condensate liquid around the circumference and thus increases the range of vapour qualities over which the which annular and semi annular flow regime prevail. Flow regimes encountered in the present study seem to be independent of the refrigerants used and depended primarily on mass flux and vapour quality. However, the range over which the wavy, semi annular and annular flow regime prevail depends on the fluid properties.
